ABSTRACT. The study was conducted using two ELISA methods -the liquid phase blocking ELISA (LPBE) and solid phase competition ELISA (SPCE) for the detection of foot-and-mouth disease virus (FMDV) serotype A-and O-specific antibodies of different cattle breeds in Turkey. These methods were compared in 426 cattle previously vaccinated with oil-adjuvanted bivalent vaccine as well as in sera from 40 cattle with no history of foot-and-mouth disease infection or vaccination. The results were found that SPCE had a better specificity (serotype A; 100% and serotype O; 97.50%) than LPBE (serotype A 95.00% and serotype O 92.50%). Sensitivity of SPCE had also better values (serotype A; 99.30% and serotype O; 98.59%) than LPBE (serotype A; 97.89% and serotype O; 96.48%). The results of the present study showed that the SPCE method is more reliable than LPBE.
INTRODUCTION
F oot-and-mouth disease (FMD) is a highly contagious and economically devastating disease of cloven-hoofed animals holding a wide host spectrum, such as cattle, pigs, sheep, goats, buffalo, deer, antelope and wild pigs and can severely constrain international trade of animals and animal products. Seven distinct serotypes of foot-and-mouth disease virus (FMDV) have been recognized, which can be further divided into a number of subtypes (Lina et al., 2011) . Specifically, FMDV serotypes O, A, C, Southern African Territories (SAT) 1, SAT 2, SAT 3 and Asia 1, with indistinguishable clinical effects exist. Recovery from infection, or protective vaccination, with one serotype will not protect against subsequent infection with another. Moreover, within a serotype a wide range of strains may occur, some of which may be sufficiently divergent to reduce the efficacy of existing vaccines (Habiela et al., 2010; Neeta et al., 2011) .
FMDV has a wide host range, an ability to infect in small doses, a rapid rate of replication, a high level of viral excretion and multiple modes of transmis-sion, including airborne transmission. These features make FMD a difficult and expensive disease to control and eradicate, and one that is much feared by farmers, veterinarians and those associated with livestock production. Countries which are disease-free take great precautions to ensure that the virus does not enter. FMD is a major constraint to international trade in livestock and animal products. The situation is further complicated by the fact that after the acute stage of infection FMDV may cause a prolonged, symptomless, persistent infection in ruminants (Van Bekkum et al., 1959b; Knight and Rushton, 2013) . The carrier state can occur in convalescent animals or in vaccinated animals exposed to live virus. Recognition of the carrier state and the risk of viral transmission by carrier animals have a major impact on the design of control and eradication strategies for FMD (Batista et al., 2010; Valdazo et al., 2012) .
At the beginning of the 21st century the protocol for production of inactivated FMDV vaccines allows the use of serological tests that can differentiate infected from vaccinated animals, formulation of vaccines that include multiple serotypes and adjuvants (Doel, 2003; Fmd-Disconvac, 2013) . Using oil-adjuvanted vaccines has been shown to induce higher levels of antibodies than aluminium hydroxide gel-saponin adjuvanted vaccines (McKercher et al., 1977) . The OIE-prescribed tests for serological diagnosis of FMD are the virus neutralisation test (VNT) (Golding et al., 1976) , and the LPBE (Hamblin et al., 1986) . LPBE has since been adopted by a large number of laboratories worldwide (Mackay et al., 1994; 1998) to replace VNT for routine screening, because it is quicker, with reproducible results that correlatewell with those obtained from VNT and is not affected by the biological variability that is inherent in VNT.However, it has several drawbacks, including lack of stability of inactivated antigens and false positive reactions occurring at a rate of 4% up to 18% (Clavijo et al., 2004) .The aim of this study was to compare the performance of the ELISA methods used for the detection of antibodies against the structural proteins of FMDV serotypes A and O.
MATERIALS AND METHODS

Sera
A total of 426 cattle of variousTurkish breeds with no history of FMD. Cattle were vaccinated with oil-adjuvant bivalent vaccine (O 1 Manisa and A 22 Iraq FMDV strains) formulated in a double oil emulsion adjuvant. The same batches of the vaccine were used in all animals. Serum samples were collected at day 28 after vaccination. Negative sera from cattle (40) with no history of infection or vaccination with FMDV were provided by Institute for Foot and Mouth Disease, Turkey.
Test reagents
International reference sera for FMDV serotype A and serotype O, rabbit anti-FMDV sera, and guinea pig antiserum were obtained from the Institute for Animal Health, Pirbright Laboratory, UK. Antigens of the serotype A and serotype O and horseradish peroxidase conjugated rabbit anti-guinea pig immunoglobulin were obtained from the Institute for Footand-Mouth Disease, Turkey. Liquid-phase blocking ELISA LPBE was performed according to the method described by Hamblin et al., 1986 . Antibody titres for FMDV type O and A were expressed as the final dilution of test serum giving 50% of the mean optical density. Each well was read at 492 nm using a spectrophotometer, and percentage of inhibition (PI) values was calculated. The sera were considered positive at PI ≥ 50% of the value recorded in the virus control wells where test control serum was absent virus. Titres greater than 50 (log 2 ) were considered positive.
Solid-phase competition ELISA
The assay is based on the competition between serotype specific guinea pig anti-FMDV antiserum and antibodies present in the test serum and is described (OIE, 2000) . The SPCE was carried out according to the method recommended for the purposes of the FAO, which is a modified version of original method described by Mackay et al., OIE, 2000 with crude tissue culture antigen instead of the purified antigen and positive cut-off percentage of inhibition (PI) value 60%. Sera giving PI values equal to or greater than 60% were considered positive (Paiba, 2004) .
Statistic Evaluation
The collected data were entered and stored into Microsoft Excel spread sheet 2010. All data were entered into a dataset using R. All statistical analyses were performed using R version 3.1.2 (R Development Core Team, 2014). All data were screened for errors. When data mismatches were detected, data were re-checked to determine the source of the mismatch and where possible this was corrected. The relative specificity and sensitivity of the applied LPBE were calculated using standard methods and were expressed as percentages (Jacobson 1998; OIE 2000) .
RESULTS
The specificity of LPBE was evaluated with sera collected from the 40 cattle that had never been infected or vaccinated with FMDV. A total of 40 sera were tested for antibodies to serotype A, 2 out of 40 sera (95.00%); serotype O, 3 out of 40 sera (92.00%) gave positive results (Table 1) .
Regarding the SPCE specificity, the 40 sera were tested against serotype A, indicating a specificity of 100%. Regarding serotype O, 97.50% gave positive results. Thus, the specificity of LPBE and SPCE was over 92.50%, 97.50% respectively (Table 1) (Table 2) .
Reference sera were examined by LPBE and SPCE for screening assays. Reference sera, consisted a strong positive, weak positive, and a cut-off serum made from dilutions of a strong positive bovine serum raised against A 22 Iraq and O 1 Manisa. The overall data shows that in LPBE, the strong positive (PI: 85-96%) and weak positive (PI: 54-73%) reference sera were found to be positive. The negative results were 0-30% PI. In SPCE, reference sera produced results within the expected range for the negative (PI: 0-30%), weak positive (PI: 54-74%), and strong positive (PI: 83-98%) samples. LPBE and SPCE scored all negative references as negative. Reference sera showed consistent results when tested by LPBE and SPCE. PIs for all negative controls were below the cut-off for each serotype (cut-off of 50% PI and 60% PI for LPBE and SPCE, respectively) ( Table 3) .
DISCUSSION
Developing countries , which are recognized as FMD-free gain enormous economic advantage from their ability to trade freely livestock and animal products. An important component securing and maintaining FMD-free status is the ability to detect animals which had contact with FMDV either via infection or vaccination. This is usually done by detecting antibodies against structural proteins of FMDV. FMD is endemic in the Anatolian region of Turkey; however, the Thrace region of Turkey has not had a FMD case since 2001. Most FMD outbreaks were attributed to FMDV serotypes are serotypes O or A. In Turkey, control strategies for FMD are based on vaccination, quarantine, and control of animal movements (Bulut and Aktas 2006; Klein et al., 2006) . Postvaccination serosurveillance is an important indicator for the evaluation of preventive vaccination programs (Şevik and Öztürk 2013) .
LPBE has been applied as a routine screening method for FMDV in many laboratories. (Hamblin at al.,1986; OIE, 2012) . However, it has several drawbacks, including lack of stability of inactivated antigens and false positive reactions occurring at a rate of 4% up to 18% (Hass, 1994; Clavijo et al., 2004) . For these reasons, SPCE has been developed for the detection of antibodies against FMDV. One of the advantages of SPCE is its highly purified and adequately stable 146S preparations of virus used as antigen (Mackay et al., 2001) .
The aim of this study was to determine the diagnostic value of different of ELISAs: a) liquidphase blocking ELISA, and b) solid-phase competition ELISA, the modified version of the solid-phase blocking ELISA (SPBE) developed by Chenard et al., (2003) . LPBE and SPCE were compared for their specificity and sensitivity. It was determined that specificities of LPBE for serotype A and serotype O were lower than those achieved with SPCE. Serotype A and O LPBE gave a specificity of 95.00% and 92.50%, respectively, at a cut-off of 50 PI. A cut-off value of 60 PI was used for serotypes A and O SPCE, which gave a specificity of 100% and 97.50%, respectively. Mackay et al. (2001) and Niedbalski (2004) , Şevik and Öztürk 2013) also obtained similar results, and they reported that specificity of SPCE was considerably higher than that of LPBE. In another study, Paiba et al., (2004) reported that specificity of SPCE for serotype O at a cut-off point of 60 PI was 99.44% for cattle sera, 99.50% for sheep sera, and 100% for pig sera. The sensitivity of SPCE determined by testing of positive sera was slightly higher than that of LPBE. Similar results were obtained in other studies (Mackay et al., 2001; Brocchi et al., 2004; Li et al., 2012) . Martinez and Quintero 1997) reported that sensitivity of LPBE for serotype O 1 , Cruzeiro was 96%. Brocchi et al., (2004) found that diagnostic sensitivity of SPCE was 99.7%. Niedbalski (2004) reported that sensitivity of LPBE and SPCE was 99.1% and 99.4%, Şevik and Öztürk (2013) reported sensitivity 98.89% and 97.22%, respectively.
International reference sera recognized as the FAO and OIE standards for the purposes of international trade were tested in different FMD diagnostic methods. The results were compared. As expected, consistent results were obtained for strong positive sera. Weak positive sera showed very consistent results when tested using LPBE and SPCE. It has been suggested that weak positive reference serum is the minimum standard for the serologic assays used for herd-based serosurveillance (Jacobson 1998; Niedbalski 2004; Jaworski et al., 2011) . In the present study, the highest titers obtained by SPCE for samples of serotypes A and O were higher than those measured by LPBE. These results suggested that the SPCE can detect lower amounts of FMDV serotype A and serotype O specific antibodies than the LPBE.
CONCLUSION
This study has demonstrated that the SPCE methods are easier to use, quicker and more stable than LPBE SPCE is more suitable than LPBE for the evaluation of vaccination programs, Due to their high specificity, sensitivity and low variation in results, the SPCE methods are more suitable than the LPBE.
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